(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

01.10.2003 Bulletin 2003/40 

(21) Application number: 03007053.6 

(22) Date of filing: 27.03.2003 



( ii) EP1 348 610 A2 

EUROPEAN PATENT APPLICATION 

(51) mtci7: B62D 6/04, B62D 5/04 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

Designated Extension States: 
AL LT LV MK 

(30) Priority: 29.03.2002 JP 2002096620 
29.03.2002 JP 2002096621 

(71) Applicants: 

• TOYODA KOKI KABUSHIKI KAISHA 
Kariya-shi Aichi-ken (JP) 

• Advics Co., Ltd. 
Kariya-shi, Aichi-ken (JP) 

(72) Inventors: 

• Kato, Hiroaki 
Kariya-shi, Aichi-ken (JP) 



• Momiyama, Minekazu 
Kariya-shi, Aichi-ken (JP) 

• Yasui, Yoshiyuki 
Kariya-shi, Aichi-ken (JP) 

• Tanaka, Wataru 
Kariya-shi, Aichi-ken (JP) 

• Asano, Kenji 
Kariya-shi, Aichi-ken (JP) 

• Ono, Eiichi 

Nagakute, Nagakute-cho, Atchi, Aichi-ken (JP) 

• Muragishi, Yuji 

Nagakute, Nagakute-cho, Aichi, Aichi-ken (JP) 

(74) Representative: 

Leson, Thomas Johannes Alois, Dipl.-jng. 
Patentanwalte 

Tiedtke-Buhling-Kinne & Partner, 
Bavariaring 4 
80336 Munchen (DE) 



(54) Vehicle control device with power steering device 



(57) A vehicle control device incorporating an elec- 
tric power steering is provided, wherein an extraordinary 
yaw motion acting on a vehicle is detected and is sup- 
pressed or moderated, so that the stability of the vehicle 
in a straight-ahead steering is improved. The causes of 
the extraordinary yaw motion are one of lateral wind, 



asymmetrical surface state of the road, lateral slant of 
the road and the like. A countermeasure against the ex- 
traordinary yaw motion is taken by applying a counter 
(opposite direction) yaw motion on the vehicle or switch- 
ing over the control mode from a proportional control to 
a proportional integral control. 
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Description 

INCORPORATION BY REFERENCE 

[0001] This application is based on and claims priority 
under 35 U.S.C.sctn. 119 with respect to Japanese Ap- 
plications No. 2002-096620 and No. 2002-096621 both 
f iled on March 29, 2002 the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0002] The present invention relates to a vehicle con- 
trol device incorporating an electric power steering de- 
vice with an electric motor tor generating an assist force 
when a steering wheel is manipulated by the driver 
More particularly, it relates to a vehicle control device 
with the power steering device for automatically sup- 
pressing or moderating a yaw motion acting on a vehi- 
cle. 

2. Discussion of the Related Art: 

[0003] Figure 1 0 exemplifies a control block diagram 
of a prior art operation processing procedure for an ACT 
(actuator) command angle (51). The ACT command an- 
gle (81) has been used as a compensation amount for 
the real steering angle of front wheels for the purpose 
of automatically suppressing or moderating a yaw an- 
gular motion which is caused by a disturbance. 
[0004] A vehicle state inference section infers a target 
value (r n ) of a vehicle yaw angular velocity (r) and a tar- 
get value (<x n ) of a vehicle side slip angle (a) based on 
a measured steering angle (G H ) and a measured vehicle 
speed (V) of the vehicle. The yaw angular velocity (r) 
and the side slip angle (a) of the vehicle are further 
measured and the aforementioned ACT command an- 
gle is calculated based on the following equation (1). 
Thus, as a result of the real steering angle (5) of the front 
wheels being adjusted automatically, the yaw angular 
motion which is caused by a disturbance is relieved, to 
some extent, of the part exceeding the level to be sup- 
pressed. 



§1 = g1 (rn-r) +g2 (<x n -a) 



(D 



[0005] The equation above is high in applicability and 
has a relatively wide range of application. However, it 
was found by our experiment that as long as the equa- 
tion (1 ) is used under an unusual situation, the yaw an- 
gle motion of a magnitude which exceeds a critical level 
at the occurrence of a disturbance cannot be necessar- 
ily suppressed to a satisfactory level. 
[0006] Especially, in applying the equation (1) in the 



case of straight-ahead running at high speeds, the ac- 
curacy in calculation is low with the compensation 
amount constituting an ACT (actuator) command angle 
(61 ). Thus, where the foregoing prior art method is em- 
5 ployed in calculating the compensation amount on the 
basis of the foregoing equation (1), it was not easy to 
satisfactorily realize the vehicle motion performance 
having a rigid straight-ahead stability. 
[0007] Further, in the prior art, the feedback control of 
10 the yaw angular velocity (r) is executed in a well-known 
proportional control method. 

[0008] In the present sensing technology, it is not easy 
to calculate the aforementioned difference (Ar = r n - r) 
satisfactorily precisely. This gives rise to problems in the 
15 following respects. 

(Problem 1) Since the aforementioned difference (Ar) in- 
volves an error, it may occur that if the gain (g1) of the 
above equation (1) is increased, an unpleasant feeling 
such as vibration, an unusual or strange steering feeling 
20 or the like is given to the driver. This makes it difficult to 
increase the gain (g1) as much large as needed. 
[0009] In addition, if the control mode of executing the 
feedback control of the yaw angular velocity (r) is altered 
from a proportional control to a conventional proportion- 
's a | integral control, a further problem occurs in the fol- 
lowing respect. 

(Problem 2) It may occur that the time-integration of the 
difference (Ar) invites cumulating the above error there- 
by to lower the calculation result in accuracy. As a con- 
30 sequence, it may further occur that the driver is given a 
steering feeling accompanied by an unusual or strange 
feeling. Moreover, the error in the time-integration may 
be enlarged as time goes. Therefore, a favorable result 
is quite difficult to realize only by altering the control 
35 mode from the proportional control to a conventional 
proportional integral control. 

[001 0] For the reason that the foregoing problems and 
in particular, the problem 2 are not easy to solve, the 
proportional control mode has heretofore been em- 
40 ployed with respect to the yaw angular velocity (r). 

[0011] For example, when braking is applied with a 
vehicle traveling on a asymmetrical surface road having 
an asymmetrical surface state, the difference (Ar) or the 
difference (a n -a) increases. If an attempt is made to ex- 
45 ecute the vehicle control depending on the above equa- 
tion (1) under the circumstance as mentioned above, the 
vehicle would try to follow a target line of traveling as it 
makes a large vibration. In this event, the driver tries to 
keep the vehicle in parallel to the asymmetrical surface 
so road by holding the neutral steering position or by per- 
forming a counter steering against the yawing. However, 
the steering optimum to the circumstance is not easy to 
perform, and therefore, it comes often to the case that 
the vehicle makes a large angle with respect to the 
55 traveling road. 
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SUMMARY OF THE INVENTION 

[0012] It is therefore a primary object of the present 
invention to provide an improved vehicle control device 
capable of realizing a vehicle motion performance which 5 
is rigid or stiff in a straight-ahead stability and is suffi- 
ciently stable. 

[0013] Another object of the present invention is to 
provide an improved vehicle control device capable of 
being rigid or stiff against a yaw motion acting on a ve- 10 
hide. 

[0014] A further object of the present invention is to 
provide an improved vehicle control device capable of 
suppressing or moderating a yaw motion acting on a ve- 
hicle within a short period of time. 15 
[0015] A still further object of the present invention is 
to provide an improved vehicle control device capable 
of enhancing the traveling stability of a vehicle on a road 
having an asymmetrical surface state. 
[0016] Briefly, according to the present invention, 20 
there is provided a vehicle control device including a 
power steering device which provides an assist torque 
or a steering angle command to a steering mechanism 
of a vehicle, the control device comprising: compensa- 
tion steering angle operation means for calculating a 25 
compensation steering angle relative to a real steering 
angle of the steering mechanism; extraordinary yaw mo- 
tion detecting means for detecting the occurrence of an 
extraordinary yaw motion which is not caused by the 
steering manipu lation of the driver; compensation steer- 
ing angle altering means for altering the compensation 
steering angle to suppress the extraordinary yaw mo- 
tion; and real steering angle control means for control- 
ling the compensation steering angle by using the com- 
pensation steering angle altering means when the oc- 
currence of the extraordinary yaw motion is detected by 
the extraordinary yaw motion detecting means. 
[0017] With this configuration, when the occurrence 
of the extraordinary yaw motion is detected, the com- 
pensation steering angle is altered to suppress or make 
relief of the extraordinary yaw motion, so that the 
straight-ahead stability of the vehicle can be improved. 
[0018] In another aspect of the present invention, as 
defined in Claim 2, the extraordinary yaw motion detect- 
ing means includes straight-ahead steering judging 
means for making judgment as to whether or not the 
driver is steering the vehicle to travel straight ahead, and 
the extraordinary yaw motion detecting means detects 
the occurrence of the extraordinary yaw motion not 
caused by the steering manipulation of the driver when 
he or she is manipulating the straight-ahead steering. 
[0019] With this configuration, the yaw motion caused 
by a disturbance is distinguished from that intentionally 
caused by the driver, and the vehicle control is per- 
formed depending on the distinction. Therefore, the 
straight-ahead stability can be secured while the 
maneuvering in a sports-like driving can also be main- 
tained at the same time. 



[0020] In another aspect of the present invention, as 
defined in Claim 3, the device further comprises object 
detecting means for detecting an obstacle or a moving 
object existing around the vehicle, and first compensa- 
tion canceling means for canceling the compensation 
operation by either causing the compensation steering 
angle operation means not to operate or making the 
compensation steering angle zero when the obstacle or 
the moving object is detected by object detecting 
means. 

[0021] With this configuration, when an obstacle or a 
moving object existing around the vehicle is detected, 
the compensation steering angle operation is substan- 
tially cancelled, so that the driver is able to maneuver 
the vehicle to cope with an emergency situation. 
[0022] In a further object of the present invention, as 
defined in Claim 6, the device is constructed such that 
the extraordinary yaw motion detecting means detects 
the extraordinary yaw motion occurring when the vehi- 
cle is braked on a road which is asymmetrical with re- 
spect to the right and left surface states thereof. 
[0023] With this configuration, the vehicle control de- 
vice is given a capability of detecting whether or not 
brake is applied on the vehicle traveling on a road having 
an asymmetrical character of the surface state. Thus, 
the vehicle control device is able to make the vehicle 
adapted to such a road. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

[0024] The foregoing and other objects and many of 
the attendant advantages of the present invention may 
readily be appreciated as the same becomes better un- 
derstood by reference to the preferred embodiments of 
the present invention when considered in connection 
with the accompanying drawings, wherein like reference 
numerals designate the same or corresponding parts 
throughout several views, and in which: 

Figure 1 is a perspective view of an electric power 
steering device constituting a vehicle control device 
of a first embodiment according to the present in- 
vention; 

Figure 2 is an explanatory representation of the 
electric power steering device shown in Figure 1 ; 
Figure 3 is a control block diagram of the vehicle 
control device in the first embodiment according to 
the present invention; 

Figure 4 is a control block diagram of a part con- 
structed according to the first embodiment, of an 
AFS control operation section 200 shown in Figure 

3; 

Figure 5 is a flow chart exemplifying the execution 
procedure of the processing executed in a weight 
control section shown in Figure 4; 
Figure 6 is a block diagram of a part constructed 
according to a second embodiment, of the AFS con- 
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trol operation section 200 shown in Figure 3; 
Figure 7 is a flow chart exemplifying the execution 
procedure of a right-left brake force difference infer- 
ence section 1220 shown In Figure 6; 
Figure 8 is a schematic plan view demonstrating the 
effect achieved by the second embodiment accord- 
ing to the present invention; 
Figure 9 is a control block diagram of a part con- 
structed according to a third embodiment, of the 
AFS control operation section 200 shown in Figure 

Figure 10 is a control block diagram showing the 
operation execution procedure for calculating an 
actuator command angle 50 in prior art. 



wheels, respectively. A symbol V represents wheel- 
base of the vehicle. Further, the constant "A" represents 
a stability factor of the vehicle, which factor is obtained 
from the following equation (3). 



A=m(L r K r - L f K f ) / (2 L 2 K r K f ) 



(3) 



to 



(Notation of Constants) 
[0029] 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



(First Embodiment) 

[0025] Prior to describing a first embodiment in detail, 
the general concept thereof is described for better un- 
derstanding. Specifically, the first embodiment in one 
preferred form is directed to a vehicle control device 
having yaw motion detecting means for detecting a ve- 
hicle yaw motion by detecting a yaw angle velocity (r) 
or a lateral acceleration (a) acting on a vehicle; and a 
power steering device for imparting an assist torque or 
a steering command to a steering mechanism of the ve- 
hicle The control device is further provided with straight- 
ahead judging meansfor judging whether or not the dnv- 
er is performing the steering to make the vehicle travel 
straight ahead (straight-ahead steering); and compen- 
sation steering angle calculating means for calculating 
a compensation angle (50) which acts to suppress or 
moderate a yaw motion caused by a disturbance occur- 
ring when the drive is performing the straight-ahead 
steering, and outputting the calculated compensation 
angle (50) to the power steering device. 
[0026] If the yaw motion acts on the vehicle when the 
driver is manipulating the straight-ahead steering (neu- 
tral position steering), the cause of such a yaw motion 
must be a disturbance. This conclusion can also be 
reached from a motion equation relating to the yaw mo- 
tions of vehicles. Lateral wind can be recited as one ex- 
ample of such disturbances. 

[0027] On the other hand, it is known that where the 
radius of a curvature on a yaw motion when the vehicle 
runs along a regular circle is taken as (p), the real steer- 
ing angle of the vehicle is calculated by the following 
equation (2). 



20 



m: vehicle weight 

L t : distance between vehicle gravity center and front 

15 axle 

L r : distance between vehicle gravity center and rear 

axle 

K,: tire cornering power per front wheel 
K r ; tire cornering power per rear wheel 

[0030] The relations between these parameters are 
described for example in "Motion and Control for Vehi- 
cles", Sankaidoh, 4th edition, April 15, 2001. 
[0031] From the foregoing relations, it can be under- 
25 stood that where a yaw angular velocity (r) caused by a 
disturbance is detected with the steering being at the 
straight-ahead steering position (neutral steering posi- 
tion), the yaw angular velocity (r) can be suppressed or 
relieved of neither too much nor too little by generating 
30 acounteryaw angular velocity (-r) based on a real angle 
(50) calculated by the following equation (4) or (5), as is 
clear from the above equation (2). 



35 



50=L(AV 2 -1)r/V 



50=L(AV 2 -1 )a/V 2 



(4) 



(5) 



p=V/r=(1 -AV 2 )L/o 



(2) 



[0028] Where: symbols "V", V and "5" represent ve- 
hicle speed, yaw angular velocity and real angle of front 



[0032] Herein, "p = V 2 / a" is employed. The denomi- 
nator (a) is the lateral acceleration acting on the vehicle 
[0033] That is, when the yaw angular velocity (r) 
caused by a disturbance occurring during the straight- 
ahead steering (neutral position steering) is detected, a 
so-called counter steering which depends on the real 
steering angle (50) calculated by the foregoing equation 
(4) or (5) is automatically given in place of the compen- 
sation amount (51) calculated by the foregoing equation 
(1 ), whereby the yaw motion of the vehicle can be sup- 
pressed. 

[0034] The straight-ahead steering judging means is 
constituted as being capable of judging whether or not 
the straight-ahead steering (neutral position steering) is 
being performed, based on the steering angle (6 H ), the 
55 steering angular velocity (<o H ) °rthe like. As the physical 
character (or the judgment of the straight-ahead steer- 
ing there can be used others such as, for example, the 
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steering torque (t), the time-differentiated value (dx / dt) 
of the same, or the like, 

[0035] Further, the judgment of whether or not the 
driving is performing the steering (straight-ahead steer- 
ing) to make the vehicle to run straight ahead could be 
such a probability judgment that is often used in the 
fuzzy control theory or the like, By utilizing the control 
method of this kind, it becomes possible or easy to re- 
alize a natural steering feeling which is less unpleasant 
around the straight-ahead steering position. 
[0036] With the foregoing configuration and opera- 
tion, there can be realized a vehicle motion performance 
which is satisfactorily stable with the straight-ahead sta- 
bility being stiff or rigid. Therefore, according to the 
aforementioned vehicle control device, the drive is re- 
lieved of a high-level or delicate steering operation 
which is needed when the vehicle suffers the affection 
of a disturbance such as, for example, lateral wind, lat- 
erally slanted road or the like. These operations/effects 
are particularly effective in the case of the vehicle speed 
(V) being high. 

[0037] In addition, those systems to which the first 
embodiment is applicable could, for example, be a 
steer-by-wire system, a hybrid system combing an EPS 
with a VGRS as exemplified later, a conventional electric 
motor power steering system of a single motor type, and 
so forth. In particular, in the viewpoint that a power steer- 
ing device with a more natural steering feeling can be 
easily constituted, the steer-by-wire system and the hy- 
brid system combing the EPS with the VGRS are more 
favorable as a system to be selected. 
[0038] This is because the canceling, lowering and 
adjusting (tuning) of a strange feeling in the state of the 
neutral position steering can be relatively easily carried 
out in the steer-by-wire system and the hybrid system, 
wherein the steering angle is not directly connected with 
the real steering angle (i.e., there is not a one-to-one 
relation), rather than in the conventional electric motor 
power steering system which is driven and controlled by 
one electric motor only. 

[0039] In another or second preferred form, the first 
embodiment features providing, in the aforementioned 
preferred form, object detecting means for detecting an 
obstacle or a moving object being around the vehicle, 
and first compensation canceling means for canceling 
the foregoing control operation by suppressing the op- 
eration of the compensation steering angle calculation 
means or making the compensation steering angle (80) 
zero when the obstacle orthe moving object is detected. 
[0040] For example, the object detecting means could 
be constituted by such a radar or the like that is often 
used in an active cruse control system. 
[0041] For example, it may happen that even where 
a yaw motion occurs due to a disturbance against driv- 
er's expectation, the yaw acceleration occurring in the 
event unexpectedly acts in the direction toward avoiding 
the collision with an obstacle or a moving object around 
the vehicle. In this case, therefore, it does not seem nec- 



essarily favorable to execute the foregoing compensa- 
tion control automatically or forcibly. 
[0042] According to the second preferred form of the 
first embodiment, such forcible compensation is can- 

5 celled when the obstacle or moving object around the 
vehicle is detected. Thus, driver's avoidance manipula- 
tion (i.e., urgent steering) regarding the obstacle or the 
moving object can be prevented from being impeded by 
the foregoing compensation operation for suppressing 

10 the disturbance. 

[0043] In still another or third preferred form, the first 
embodiment features further providing, in the first or 
second form, lane line identifying means for identifying 
a lane line of a lane on which the vehicle is traveling, by 

15 an image processing technology; lane line crossing in- 
ferring mean for inferring whether or not the vehicle 
crosses the lane line if the compensation steering angle 
(60) were used; and compensation canceling means for 
canceling the foregoing compensation control by sup- 

20 pressing the operation of the compensation steering an- 
gle calculating means or making the compensation 
steering angle (50) zero if crossing the lane line is in- 
ferred to occur by the lane line crossing inferring means. 
[0044] For example, the lane line identifying means 

25 may be constituted by an on -vehicle camera such as, 
for example, a CCD camera which is often used in a 
lane keeping support system or the like. 
[0045] For example, in the event that a yaw motion 
occurs due to a disturbance against driver's expecta- 

30 tion, it may happen that the yaw acceleration generated 
in that event unexpectedly acts in the direction towards 
keeping or assisting the vehicle to run on almost the 
center of the traveling lane. In this case, therefore, it 
does not seem necessarily favorable to execute the 

35 foregoing compensation control automatically or forci- 
bly. 

[0046] In a further or fourth preferred form, the first 
embodiment features further providing, in any of the first 
through third preferred forms, alarming means for out- 

40 putting to the driver a message drawing his or her atten- 
tion to the disturbance when an absolute value of the 
compensation steering angle (50) or a value related to 
the absolute value exceeds a predetermined threshold 
value (e), the value (e) being larger than zero (> 0). 

45 [0047] It can be expected that when a disturbance to 
cause a yaw motion occurs during the straight-ahead 
steering, the driver is ensured to perform a suitable 
steering like the neutral position steering, so that a more 
reliable vehicle control can be realized. 

50 [0048] Referring now to the drawings, and more par- 
ticularly to Figures 1 and 2, there are shown a perspec- 
tive view and a rough physical configuration of a vehicle 
control device as a first embodiment according to the 
present invention. A reference numeral 1 denotes a han- 

55 die (steering wheel) and a numeral 2 denotes an ECU 
(Electronic Control Unit) for an EPS (Electric Power 
Steering, that is, a motor-driven power steering device). 
The ECU controls an actuator 4 composed of an electric 
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motor which directly acts on a steering rack 8 for moving 
the same in the lengthwise direction. 
[00491 A numeral 3 designates another ECU (Elec- 
tronic Control Unit) of a VGRS (Variable Gear Ratio Sys- 
tem) which is controllable in response to an output (i.e., 
steering angle e H ) from a steering angle sensor 7 and 
so on The ECU 3 controls another actuators which acts 
on a steering shaft 9 for rotating the same. The ECU 3, 
the actuator 5 and so on of the VGRS constitures a 
means for varying the steering gear ratio, i.e., the ratio 
of the a real steering angle to the manipulated steering 
angle (handle angle), at an intermediate part within the 
steering mechanical system in dependence upon the 
driving state. Japanese unexamined, published patent 
application No. 11-49003 (1999-49003) entitled 
"STEERING DEVICE FOR VEHICLES" exemplifies a 
VGRS of this type. 

[0050] Referring now to Figure 3, there is shown a 
control block diagram of the vehicle control device con- 
structed as the embodiment according to the present in- 
vention. An ECU 10 is provided for controlling an ABS 
(Anti-skid Brake System) and the related parts. The 
ECU 2 for the EPS is connected to the ECU 1 0 as well 
as the ECU 3 for controlling the VGRS via a CAN (Con- 
troller Area Network), These ECU 2, 10 and 3 share con- 
trol data of various kind such as, for example, yaw an- 
gular velocity (r) of the vehicle, the lateral acceleration 
(a) of the vehicle, steering angle (6 H ) of the handle, real 
steering angle (8) of the front wheels, vehicle speed (V), 
steering torque (t), side slip angle (a) and so on. 
[0051] An AFS (active-front-steer) control operation 
section 200 in Figure 3 executes the administration of 
major programs (e.g., torque inertia compensation con- 
trol assist control, handle returning control, damping 
compensation control and the like) as well as calculates 
the value of an ACT (actuator) angle command. This 
command value coincides with the aforementioned 
compensation value (60) when the driver keeps a 
straight-ahead position (neutral position) of the handle 

[0052] Referring then to Figure 4, there is shown a 
control block diagram of a part concerned with the 
present invention, of the AFS control operation section 
200 shown in Figure 3. The compensation steering an- 
gle operation section 220 (compensation steering angle 
calculating means) calculates a compensation steering 
angle (80) based on the equation (4). A straight-ahead 
steering angle operation section 210 (straight-ahead 
steering judging means) has input thereto the steering 
angle (6 H ) and the steering angular velocity (o>h) which 
is the time-differentiated value of the steering angle (6 H ), 

and uses maps 21 1 , 2 1 2 to calculates a weight G3 (=G1 
x G2). The following equations (6) and (7) represent 
functions (f1 , f2) expressed by these maps. 



G2 = f2 (<o H ) 



(7) 



G1 = f1 (e H ) 



[0053] Of course, these functions f1 ad f2 may be rep- 
s resented by equations. 

[0054] These maps 211,212 have theircurves whose 
intercept coordinates on the vertical axis indicate Gi = 1 
(no dimension) and which have the smallest values at 
the both ends to be symmetrical with respect to the ver- 
10 tical axis. For example, the graphs can take the shape 
of any of trapezoid, rectangle, bowl, bell, normal proba- 
bility curve or the like. That is, the graphs can take any 
of the forms having the curves which are flat on top and 
decrease sharply and monotonously as it goes towards 
15 each extremeends (i.e., ±~).The optimum shape of the 
graphs can be determined experimentally. 
[0055] In particular, where the curves take the form of 
a rectangular, the use of the aforementioned maps be- 
comes substantially unnecessary. In this case, the judg- 
20 m ent processing executed by the straight-ahead steer- 
ing judging means (the straight-ahead steering angle 
operation section 210) is ended in the processing for 
judging whether the functions (f1 , f2) are larger than the 
absolute values of the independent variables (e H , to H ). 
25 so that the processing therefor can be simplified. 

[0056] However, since the judgment as to the straight- 
ahead steering position (the neutral steering position) 
does not necessarily have a definite criterion, it is more 
preferable to make such judgment in accordance with a 
30 fuzzy control theory, By introducing these control meth- 
ods it becomes possible or easy to realize a natural 
steering feeling having a less unpleasant feeling around 
the straight-ahead steering position. 
[0057] Further, the vehicle speed may be added into 
35 calculating the aforementioned weight G3. More specif- 
ically, the weight G3 may be calculated in the way of 
such as "G3 = G1 x G2 x f3 (V) (where: 0 S f3 (V) S 1 ) . 
By employing a suitable, monotonously increasing func- 
tion as the function (f3), there can be realized a vehicle 
40 motion characteristic which maintains the straight- 
ahead stability rigid or stiff in a high speed range and 
there can be obtained a steering feeling which is almost 
the same as to that of the prior art device in a slow speed 

range. . . 

45 [0058] A compensation angle (81) at the lower-right 

in Figure 4 indicates the compensation value which is 
calculated in the foregoing prior control method shown 
in Figure 10. . 
[0059] Figure 5 shows a flow chart exemplifying the 
so control processing procedure executed by the weight 
control section 230 shown in Figure 4. First of all, step 
51 0 is executed to input thereto the weight G3 and com- 
mand signals S1 , S2. The fist command signal S1 is an 
intermediate output value of a first compensation can- 
55 csling means according to the present invention, and 
the value is set to be S1 = 1 when an object detecting 
(6) means according to the present invention detects an ob- 
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stacle or a moving object around the vehicle, and to be 

51 = O when it does not. 

[0060] Similarly, the second command signal S2 is an 
intermediate output value of a second compensation 
canceling means according to the present invention, 
and the value is set to be S2 = 1 when a lane line cross- 
ing inferring means according to the present invention 
infers that crossing a lane line takes place and to be S2 
= 2 when it does not. 

[0061] A logical OR of the command signals S1 and 

52 are obtained to be stored as a variable S3 at step 
520. Steps 540, 550 and 560 respectively represent 
substitution statements relating to the weights G3' and 
G4. 

[0062] For example, in accordance with the control 
processing execution procedure as mentioned above of 
the weight control section 230, the compensation values 
50* and 61' are calculated as represented by the follow- 
ing equations (8) and (9). 



50' =60 x (G3 x S3) 



S3 = (1-S1)x(1-S2) 



51' =51 x{1 - (G3xS3)} 



(8) 



(9) 



[0063] The value of the above signal S3 usually rep- 
resents "1" in other cases than such an extraordinary 
case that an obstacle tends to be detected around the 
vehicle or the same tends to cross a lane line. 
[0064] Accordingly, by the operation of the straight- 
ahead steering angle operation section 210, the value 
of the following equation (1 0) which value is finally cal- 
culated as the a command value 50" of the ACT angular 
command approximately coincides with the value 50 of 
the foregoing equation (4) when the vehicle is in the 
state of the straight-ahead steering position (i.e., G3 = 

1). 



[0067] With the configuration described above as one 
example, there can be realized a vehicle motion per- 
formance which is sufficiently stable in having a stiff or 
rigid straight-ahead stability. According to the foregoing 
5 embodiment, the driver can therefore be relieved of per- 
forming a highly skilled or delicate steering when the ve- 
hicle Is subjected to a disturbance such as lateral wind, 
laterally slanted road, etc.) 

[0068] The foregoing embodiment has exemplified 
10 the vehicle control device of the configuration that con- 
trols the steering mechanism by the combination of the 
EPS (electric motor power steering) for controlling the 
actuator 4 including a motor which directly acts on the 
steering rack 8 and the VGRS (variable gear ratio sys- 
15 tern) which controls the actuator 5 including a motor act- 
ing on the steering shaft 9. However, the present inven- 
tion can be practiced in power steering systems of other 
types. For example, a steer-by-wire-system and an 
electric motor power steering device of a conventional 
20 type which is presently in wide use are those in which 
the present invention can be practiced. 
[0069] However, in the steer-by- wire-system and the 
system of the "EPS + VGRS" type as described above, 
the handle is not directly connected to tires (namely, to 
25 the real steering angle) because they take the construc- 
tion that wires are used for control and drive and that 
the actuator for VGRS is intervened at the side of the 
handle rather than at the side of a torque sensor. For 
this reason, the freedom of the steering mechanism for 
30 transmitting the steering torque is much secured in 
these systems than in the prior art electric motor power 
steering device which is driven and controlled by one 
electric motor only. Therefore, the steer-by-wire-system 
and the system of the "EPS + VGRS" type are easy to 
35 eliminate, reduce or adjust an unpleasant feeling which 
is involved in the straight-ahead steering (neutral posi- 
tion steering). 



50"= 50' + 5V 



(10) 



(Modifications) 



40 



[0065] Furthermore, when the steering is dynamically 
performed like that during a cornering, the value G3 be- 
comes approximate 0 (zero), in which case the compen- 
sation value 51 which is calculated in the prior art meth- 
od is employed. 

[0066] Where a medium or transitional steering is per- 
formed like almost the neutral position steering in which 
the handle is shaking a little around the neutral position, 
the functions f1 and t2 are made preferred or optimized. 
As a result, a preferred value or an optimum value is set 
as the command value 50" of the ACT angular com- 
mand which is finally output, so that a natural steering 
feeling can be realized. 



[0070] Although the foregoing first embodiment em- 
ploys the equation (4) at the compensation steering an- 
gle operation section 220 shown in Figure 4, it can em- 
ploy the equation (5) instead. In this modified case, in- 
45 stead of the yaw angular velocity (r), a lateral accelera- 
tion (a) acting on the vehicle body is input to the vehicle 
control device or is calculated by the following equation 
(11). 



50 



a= Vr 



(11) 



[0071] Where an alarm means according to the 
present invention is to be used in the construction shown 
55 in Figure 4, an arrangement may be made to output an 
alarm message in the case of "50 s e1" or "50* s e2" or 
"50" ^ e3". Here, e1 , e2 and e3 are predetermined con- 
stants. According to the alarm means like this, the driver 
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is notified of when a not-a-small disturbance occurs or 
the outputting of the alarm message is cancelled when 
a relatively small disturbance is being generated^ 
[0072] Although it does not matterto think that the sta- 
bility factor (constant A) of the equation (3) does not al- 
most vary, the stability factor (a) varies with the change 
in the vehicle weight or in the position of the gravity cent- 
er That is, the stability factor (A) varies with the number 
of passengers, the load capacity, the accessor.es 
equipped and the like. To cope with these variations it 
is effective to provide a weight meter on each vehicle, 
each axle and each road wheel. By doing so, the vana- 
tion in the total weight and the gravity center of the ve- 
hicle can be precisely calculated, so that the accuracy 
of the stability factor (A) can be largely improved on a 
real time basis, Therefore, it becomes possible to cal- 
culate the compensation steering angle 50 more accu- 
rately by the use of the foregoing equation (4) or (5). 

(Second Embodiment) 

r00731 Prior to describing a second embodiment in 
detail, the general concept thereof is described for better 
understanding. Specifically, the second embodimen in 
one or first preferred form is directed to a vehicle control 
device having a power steering device for imparting an 
assist torque or a steering command to a steering mech- 
anism of the vehicle. The control device further compris- 
es compensation steering angle calculating means for 
calculating a compensation steering angle (50) relative 
to a real steering angle of the steering mechanism by 
using feedback control means for feeding back a yaw 
angular velocity (r) of the vehicle or the time-integral of 
the same; extraordinary yaw motion detecting means for 
detecting an extraordinary yaw motion which occurs 
with the vehicle being braked on an asymmetncal sur- 
face road having an asymmetrical surface state; and 
control mode altering means for dynamically altering he 
control mode of the feedback control means or control 
parameters used therein, wherein the real steenng an- 
gle is controlled by the power steering device using the 
compensation steering angle (50). 
ro074] For example, means capable of detecting the 
following various states could be satisfactorily used as 
the extraordinary yaw motion detecting means. 

(a) The state in which brake forces on the right and 
left tires have a large difference. 

(b) The state in which the difference (Ar) of the fore- 
going equation (1) is becoming relatively large. 

r0075] For example, the state of (b) is able to be de- 
tected by a means forjudging a large/small relation of 
the value of the difference (Ar - r„ - r) in companson 
with a suitable predetermined threshold value. A means 
for detecting the state of (a) will be exemplified with a 
concrete form in the embodiment descnbed later. 
[0076] By employing these extraordinary yaw motion 



detecting means, a proportional integral control (i.e., PI 
control) is executed only when the yaw motion « large 
or is becoming large, that is, only when the need therefor 
is high Thus, a temporal countermeasure such as dy- 
5 namically altering the control mode or the control pa- 
rameters used is constituted depending upon the detec- 
tion result of the extraordinary yaw motion. As a result, 
there can be avoided a situation that an unpleasantfeel- 
ing accompanied by vibration or a strange feeling is g.v- 
10 en to the driver in the usual state, and the yawing of the 
vehicle can be effectively suppressed in the even that 
brake is applied to the vehicle on the asymmetncal sur- 
face road, whereby the braking operation on the asym- 
metrical surface road or the like can be effectively sta- 
ts bilized. ,. „ th _ 
r0077] For example, by the foregoing operation, the 
yawing of the vehicle can be decreased more effectively 
than in the prior art device even when an emergency 
braking is applied with the handle being held in the neu- 
20 tral position. Further, the turning motion of the vehicle 
to move away from the direction in which the vehicle is 
to travel can be relieved of more effectively than in the 
prior art device. 

r00781 With the foregoing configuration and opera- 
25 tion the driver is relived of a high lever or delicate steer- 
ing skill needed to him or her and is enabled to secure 
the stability of the vehiclethanksto asmoother steering. 
r00791 Further, in the foregoing control mode altering 
means the control parameters important in calculating 
so the compensation steering angle (50) may be dynami- 
cally altered. The examples of the control parameters 
may be the gain given to the proportional member (Ar 
= r - r) of the aforementioned equation (1), the gam 
given to the integral term, or other gains. By altering the 
35 gains to suitable real values (2 0) not including zero or 
less from time to time, there can be constituted a tem- 
poral countermeasure which is almost equivalent to the 
aforementioned temporal countermeasure. 
rooSO] in addition, those systems to which the second 
40 embodiment is applicable could, for example, be a 
steer-by-wire system, a hybrid system combing an EPS 
with a VGRS as exemplified later, a conventional electnc 
motor power steering system of a single motor type, and 
soforth. Inparticular, in the viewpoint that a power steer- 
45 inq device with a more natural steering feeling can be 
easily constituted, the steer-by-wire system and the hy- 
brid system combing the EPS with the VGRS are more 
favorable as the system to be selected. 
[0081] This is because the canceling, lowering and 
50 adjusting (tuning) of a strange feeling in the state of neu- 
tral position steering can be relatively easily carried out 
in the steer-by-wire system and the hybrid system 
wherein the steering angle is not directly connected with 
the real steering angle (i.e., there is not a one-to-one 
55 relation), rather than in the conventional electnc motor 
power steering system which is driven and controlled by 
one electric motor only. 

[0082] In another or second preferred form, the tea- 
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ture of the second embodiment resides in providing the 
control mode altering means in the first preferred form 
with proportional control temporarily expanding means 
for altering the control mode from a proportional control 
mode to a PI control mode (proportional integral control 
mode) by giving a trigger to the foregoing time-integral 
operation processing when the extraordinary yaw mo- 
tion is detected. 

[0083] That is, with this configuration, for example : the 
aforementioned control mode altering means can be 
constituted concretely and effectively. 
[0084] In still another or third preferred form, the fea- 
ture of the second embodiment resides in further pro- 
viding, in the first or second preferred form, control mode 
restoring means for restoring the control mode or the 
control parameters altered dynamically by the control 
mode altering means, to the original control mode or pa- 
rameters when the motion parameters influencing the 
magnitude of the extraordinary yaw motion such as the 
vehicle speed (V), the lateral acceleration (a) or the like 
are attenuated below a predetermined reference value. 
[0085] With this means, after an unfavorable action of 
the vehicle such as yawing motion is weakened to a cer- 
tain level, the control mode for the vehicle is restored to 
the conventional proportional control mode using the 
foregoing equation (1). Thus, in the normal state after 
the unfavorable action is so weakened, the situation that 
the driver is given an unpleasant steering accompanied 
by vibration or a strange feeling can be prevented from 
coming to reality or being actualized. 
[0086] In a further or fourth preferred form, the second 
embodiment features providing the extraordinary yaw 
motion detecting means in any of the first to fourth pre- 
ferred forms with brake force difference calculating 
means for calculating the difference (AF) between brake 
forces acting on the right and left wheels of the vehicle, 
and on-asymmetrical surface road brake detecting 
means for detecting the braking operation on an asym- 
metrical surface road by judging whether or not the ab- 
solute value (IAFI) of the difference (AF) has reached a 
predetermined threshold value. 

[0087] With these means, the braking operation on 
the asymmetrical surface road having an asymmetrical 
surface state can be detected precisely, so that the ne- 
cessity of a countermeasure such as the aforemen- 
tioned proportional integral control mode (PI control 
mode) or the like can be judged in a reliable manner. 
[0088] In an additional or fifth preferred form, the fea- 
ture of the second embodiment is directed to the brake 
force difference calculating means in the fourth pre- 
ferred form, wherein the difference (AF) is calculated on 
the basis of oil pressures in wheel cylinders for the right 
and left wheels and angular accelerations of the right 
and left wheels. 

[0089] The brake force difference calculating means 
will be described in detail in the following second em- 
bodiment. With this means, for example, the foregoing 
brake force difference calculating means can be consti- 



tuted in a relatively easy and precise manner. 
[0090] Next, the second embodiment of the present 
invention will be described with reference to Figures 6 
through 8. The same configurations as those illustrated 

5 in Figure 1 to 3 are employed in this second embodi- 
ment. The vehicle control device as shown in Figure 3 
is also used in the second embodiment according to the 
present invention. The ECU 10 in Figure 3 is provided 
for controlling the ABS (Anti-skid Brake System) and the 

10 related parts. The ECU 2 for the EPS is connected to 
the ECU 10 as well as the ECU 3 for controlling the 
VGRS via the CAN (Controller Area Network). These 
ECU 2,1 0 and 3 share control data of various kind such 
as, for example, yaw angular velocity (r) of the vehicle, 

is the lateral acceleration (a) of the vehicle, rotational an- 
gular velocities <oi (i = 1, 2, 3, 4) of wheels, rotational 
angular accelerations cti (i = 1 , 2, 3, 4) of the wheels, oil 
pressures Pi (i = 1 , 2, 3, 4) of the wheels, real steering 
angles (5) of the front wheels, steering angle (6 H ) of the 

20 handle, vehicle speed (V), steering torque (t), side slip 
angle (<j>) and so on. 

[0091] Figure 6 shows a control block diagram of a 
part concerning the second embodiment, of the AFS 
control operation section 200. A vehicle state inference 
25 section 1210 infers a target value (r n ) of the vehicle yaw 
angular velocity (r) and a target value ((j> n) of the vehicle 
side slip angle (<|>). The vehicle yaw angular velocity (r) 
and the vehicle side slip angle (cj>) are measured sepa- 
rately. Usually, the aforementioned ACT command an- 
30 gle (5) is calculated based on the foregoing equation (1 ). 
[0092] In the second embodiment, the extraordinary 
yaw motion detecting means is realized by a right-left 
brake force difference inference section 1220 shown in 
Figure 6. A command signal (a) is indicative of a trigger 
35 signal for initiating a time-integral action. A time-integral 
operation section 1230 executes a time-integral action 
(definite integral) of the difference (Ar) (=r n - r) for the 
time period of (o= 1 ). That is, the command signal (a) is 
indicative of a trigger signal to initiate the time-integral, 
40 so that the time-integral is initiated from the time when 
the value of the signal (o) is switched from "0" to "1". 
The symbol "1/S" of the time-integral operation section 
1230 represents the time-integral processing. 
[0093] The operation of the right-left brake force infer- 
os ence section 1220 will be described hereinafter. 

[0094] Now taking as F1 the brake force acting on a 
front left wheel (tire) of the vehicle, the following dynamic 
equation (12) which represents a rotational motion mod- 
el for rotational motion of each wheel is materialized, so 
so that the brake force F1 can be obtained by the following 
equation (1 3). Likewise, the brake force F2 of the front- 
right wheel can be obtained in the same manner as 
above. 

55 Jai=yFi-KPi (i=1,2) (12) 
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Fi = (Joti+KPi)/Y 0 = 1,2) 



(13) 



(Notation of Symbols) 



[0095] 



ct1 : angular velocity of front-left wheel 

a2' anqular velocity of front-right wheel 

P1 • oil pressure in wheel cylinder for front-left wheel 

P2- oil pressure in wheel cylinder for front-nght 

wheel 

F1 • brake force acting on front-left wheel (tire) 

F2: brake force acting on front-right wheel (tire) 

J : wheel inertia 

■y: radius of front wheels (tires) 

k: coefficient of conversion 



surface states, wherein the left part on which , the coef- 
ficient GO of the friction the tire makes when he vehicle 
is braked is smaller is called a "low u road", while the 
other right part having a larger friction coefficient is 
s called a "high n road". In an asymmetrical surface road 
like this, the vehicle under the control of a pnor art pro- 
portional control shown in Figure 10 Shaved or acted 
to take a long time to converge as indicated by the dotted 
line in Figure 8 and played an unstable motion charac- 

W loiOll Ontheotherhand.withtheconstructionshown 
n Figures 6 and 7 according to the second embodiment, 
as demonstrated by the real line in Figure 8, the vehicle 
yawing motion was able to be suppressed satisfactorily. 

15 That is our experiment demonstrated that the control 
device according to the second embodiment could per- 
form a vehicle motion characteristic which is not only 
stable but also excellent In a capability of convergence. 



[0096] Consequently, by detecting the values of a. (. 
= 1 2) and Pi (i = 1 , 2) on a real time basis, the brake 
forces Fi which act on the respective wheels can be in- 
ferred at any time on the real time base. 
[0097] Figure 7 shows a flow chart exemplifying the 
execution procedure of control processing ir .the ngh - 
left brake force difference inference section 1 220. In this 
algorithm, first of all, the values oci (i = 1 , 2) and Pi (i - 
1 2) are input at step 1 51 0. These values are input from 
the ABS control section shown in Figure 3. 
[0098] Atstep 1520, the brake forces F1 F2 are ^cal- 
culated by the aforementioned equation (1 3) Step i 530 
follows to calculate the difference AF (= F1 - FZ) be- 
tween the brake forces F1 , F2 being applied on the front 
riqht and left wheels, and step 1540 further follows to 
judge which of a predetermined threshold value (D) and 
the brake force differenceAF a larger one is. The thresh- 
old value (D) may be determined in dependent on the 
accuracy in measuring the vehicle yaw angular velocity 
(r = a / V) or the vehicle lateral acceleration (a = Vr) as 
well as the accuracy in inferring the target value (r n ) or 
the like. Where the measuring accuracy and the infer- 
ring accuracy are improved as high as poss.ble, it be- 
comes possible to make the threshold value approxi- 
mate as much as possible to the maximum value of the 
absolute va.ue of an error inferred on the brake force 
difference AF. 

r0099] Steps 1 550 and 1 560 execute the processing 
?or substitution statements concerning the aforemen- 
tioned command signal (a), and the value (1 or 0) set at 
either of the steps is outputto the time-integral operation 
section 1230shown in Figure 6. As a result, for example 
when a large difference takes place between the nght 
and left brake forces due to the road having an asym- 
metrical surface state or for other reasons the propor- 
tional control on the yaw angle velocity (r) is sw. ched 
over to the PI control (proportional integral control), 
r0100] Figure 8 is an explanatory view schematically 
exemplifying the effects of the second embodiment An 
this schematic illustration, the load is shown having two 



20 (Modifications for Second embodiment) 

[0102] Although the foregoing second embodiment 
provides means for suppressing the vehicle yawing mo- 
tion by the action of the compensation steering angle 
25 (80) this compensation can be executed together with 
the compensation processing of the vehicle yaw angular 

velocity which the ABS can execute when brake is ap- 
plied. More specifically, it is known that means for gen- 
erating a counter (in opposite direction) yaw angle ve- 
so locity signal to cancel an unfavorable yaw mot. on can 
be realized by, for example, a VSC control (Veh.de Sta- 
bility Control) which is carried out by the brake control 
ECU 10 shown in Figure 3. Accordingly, there can be 
employed a hybrid system which additionally utilizes 
35 such a means for generating the counter yaw angular 
velocity signal and in which the AFS control operation 
section 200 and the VSC control section shown in Figure 
3 operates in cooperation. 

[0103] Further, although in the aforementioned sec- 
40 ond embodiment, the difference AF between the right 
and left brake forces is inferred based on those from the 
front-right and front-left wheels, the inference of such 
brake force difference can be replaced by a calculation 
which uses the state variables ai (i = 1 , 2,....) and Pi li 
45 =1 2 ) of all wheels (usually, four wheels) of the ve- 
hicle. According to the method like this, it may be the 
case that the difference AF between the right and left 
brake forces can be inferred more accurately, 
[01 041 The foregoing second embodiment has exem- 
50 plified a vehicle control device of the configuration 
wherein the assist control of the steerin g ^amsrn 
can be realized by the combination of the EPS (electric 
motorpower steering device)forcontrolling the actuator 

4 having the motor directly acting on the steering rack 
55 8 and the VGRS (variable gear ratio system) for control- 
linq the actuator 5 acting on the steering shaft 9. How- 
ever there may be used other systems to which present 
invention is applicable. For example, the present Inven- 
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tion can be applicable to the vehicle which incorporates 
a steer-by-wi re -system, a conventional electric power 
steering system of the prior art type (i.e., single-motor 
type EPS) which has been presently in wide use, or the 
like. 

(Third Embodiment) 

[0105] A third embodiment is directed to a vehicle 
control device which embodies the general inventive 
concept of the present invention. Figure 9 shows a block 
diagram exemplifying the important part of the vehicle 
control device which constitutes the third embodiment 
according to the present invention, Referring now to Fig- 
ure 9 : there is shown a control logic which is replaced 
by that shown in Figure 4 ol the first embodiment or 
shown in Figure 6 of the second embodiment. The con- 
trol logic comprises a compensation steering angle cal- 
culating means 301. a compensation steering angle 
control means 302 , an extraordinary yaw motion detect- 
ing means 303 and a compensation steering angle al- 
tering means 304. 

[0106] The compensation steering angle calculating 
means 301 is of the same configuration as the prior art 
shown in Figure 10. This means 301 includes a vehicle 
state inference section 311 and infers the running state 
of the vehicle based on a steering angle (6 H ) and a ve- 
hicle speed (V) input thereto and generates a target yaw 
angular velocity (y n ) and a target side slip angle (4 n ) from 
the inferred vehicle running state. Then, the means 301 
calculates a compensation steering angle (80) based on 
a detected yaw angle velocity (7), a detected side slip 
angle (4>), the inferred, target yaw angle velocity (yn) and 
the inferred, target side slip angle (c|> n ), as previously de- 
scribed with reference to Figure 10. 
[0107] In the particular third embodiment, the com- 
pensation steering angle control means 302 processes 
the compensation steering angle (60) so calculated in 
response to the extraordinary yaw motion detecting 
means 303 and a compensation steering angle altering 
means 304. To be more exact, the compensation steer- 
ing angle calculating means 301 passes the compensa- 
tion steering angle (60) as it is, so that the substantially 
same control operation as to the prior art is performed. 
[0108] However, when the occurrence of an extraor- 
dinary yaw motion is detected by the extraordinary yaw 
motion detecting means 303, the control means 302 re- 
sponds to a signal from the compensation steering an- 
gle altering means 304. One example of the counter- 
measures in such event is to generate a counter (oppo- 
site direction) yaw angle by the equation (4) or (5) as 
previously described, whereby the extraordinary yaw 
motion can be suppressed or moderated by the counter 
yaw motion. That is, as described previously, the com- 
pensation steering angle operation section 220 has a 
function to detect the extraordinary yaw motion as dis- 
turbance and another function to generate the counter 
yaw motion signal. In Figure 9 representing the third em- 



bodiment, those for realizing these functions of the com- 
pensation steering angle operation section 220 are em- 
bodied as the extraordinary yaw motion detecting 
means 303 and the compensation steering angle alter- 

5 ing means 304, respectively. 

[0109] Another example of the countermeasures tak- 
en in the event of an extraordinary yaw motion occurring 
is to switch over the control mode from a proportional 
control to a time-integral control as described previously 

10 in connection with the second embodiment, whereby the 
yaw motion of the vehicle can be satisfactorily sup- 
pressed to converge within a short time period. The 
switching-over function is realized by the time-integral 
operation section 1230 shown in Figure 6. 

15 [0110] In addition, the compensation steering angle 
altering means 304 can be realized in other forms. One 
form thereof may be to lower the responsibility of the 
compensation steering angle control means 302, so that 
the steering character can be made rigid or stiff during 

20 the occurrence of the extraordinary yaw motion. 

[0111] Obviously, numerous modifications and varia- 
tions of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present 

25 invention may be practiced otherwise than as specifical- 
ly described herein. 

[0112] A vehicle control device incorporating an elec- 
tric power steering is provided, wherein an extraordinary 
yaw motion acting on a vehicle is detected and is sup- 

30 pressed or moderated, so that the stability of the vehicle 
in a straight-ahead steering is improved. The causes of 
the extraordinary yaw motion are one of lateral wind, 
asymmetrical surface state of the road, lateral slant of 
the road and the like. A countermeasure against the ex- 

35 traordinary yaw motion is taken by applying a counter 
(opposite direction) yaw motion on the vehicle or switch- 
ing over the control mode from a proportional control to 
a proportional integral control. 



40 
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Claims 



50 



55 



A vehicle control device including a power steering 
device which provides an assist torque or a steering 
angle command to a steering mechanism of a ve- 
hicle, the control device comprising: 

compensation steering angle operation means 
for calculating a compensation steering angle 
relative to a real steering angle of the steering 
mechanism; 

extraordinary yaw motion detecting means for 
detecting the occurrence of an extraordinary 
yaw motion which is not caused by the steering 
manipulation of the driver; 
compensation steering angle altering means 
for altering the compensation steering angle to 
suppress or moderate the extraordinary yaw 
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motion; and 

real steering angle control means for controlling 
the compensation steering angle by using the 
compensation steering angle altering means 
when the occurrence of the extraordinary yaw 
motion is detected by the extraordinary yaw 
motion detecting means. 

A vehicle control device as recited in Claim 1, 
wherein the extraordinary yaw motion detecting 
means includes straight-ahead steering judg.ng 
means for judging whether of not the driver is steer- 
ing the vehicle to travel straight ahead, and wherein 
the extraordinary yaw motion detecting means de- 
tects the occurrence of the extraordinary yaw mo- 
tion not caused by the steering manipulation of the 
driver when he or she is manipulating the straight- 
ahead steering. 

3. A vehicle control device as recited in Claim 1 , fur- 
ther comprising: 

object detecting means for detecting an obsta- 
cle or a moving object existing around the ve- 
hicle; and 

first compensation canceling means for cance- 
ling the compensation operation by either caus- 
ing the compensation steering angle operation 
means not to operate or making the compen- 
sation steering angle zero when the obstacle or 
the moving object is detected by object detect- 
ing means. 

4. A vehicle control device as recited in Claim 1 , fur- 
ther comprising: 



w 
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a lane line identifying means for identifying a 
lane line of a traveling lane by an image 
processing technology; 

lane line crossing inferring means for inferring 
whether or not the vehicle crosses the lane line, 
by reference to the compensation steering an- 
gle; and 

second compensation canceling means for 
canceling the compensation operation by either 
causing the compensation steering angle oper- 
ation means not to operate or making the com- 
pensation steering angle zero when the occur- 
rence of crossing the lane line is inferred. 

5. A vehicle control device as recited in Claim 1 , fur- 
ther comprising: 

alarm mean for outputting a message alarming 
the operator when the absolute value of the 
compensation steering angle or a value relating 

to the absolute value exceeds a predetermined 
threshold value. 



6 A vehicle control device as recited in Claim 1, 
wherein the extraordinary yaw motion detecting 
means detects the extraordinary yaw motion occur- 
ring when the vehicle is braked on an asymmetrical 
surface road which is asymmetrical with respect to 
the right and left surface states thereof. 

7 A vehicle control device as recited in Claim 6, 
wherein the compensation steering angle operation 
means includes feedback control means for per- 
forming a feedback control with respect to a yaw 
angular velocity of the vehicle or a time-integrated 
value thereof, and wherein the compensation steer- 
ing angle altering means includes a control mode 
altering means for dynamically altering the control 
mode of the feedback control means or control pa- 
rameters used by the same. 

8 A vehicle control device as recited in Claim 6, 
wherein the compensation steering angle altering 
means executes a proportional-integral control. 

9 A vehicle control device as recited in Claim 7, 
wherein the control method altering means is pro- 

25 vided with a proportional control temporally expand- 
ing means for altering the control mode from a pro- 
portional control to a proportional-integral control by 
giving a trigger to the operation processing for the 
time-integration when the occurrence of the ex- 

30 traordinary yaw motion is detected. 

10 A vehicle control device as recited in Claim 7, fur- 
' ther comprising control mode restoring means for 
restoring the control mode or the control parame- 
35 ters having been dynamically altered by the control 
mode altering means, to the original thereof when 
a motion parameter such as vehicle speed, lateral 
acceleration, orthe like of the vehicle which param- 
eter defines the magnitude of the extraordinary yaw 
40 motion is attenuated below a predetermined refer- 
ence value. 



11 A vehicle control device as recited in Claim 6, 
' wherein the extraordinary yaw motion detecting 
45 means comprises: 

brake force difference calculating means for 
calculating the difference between brake forces 
acting on right and left wheels of the vehicle; 

so and 

asymmetrical road braking detecting means for 
detecting the occurrence of braking applied to 
the vehicle on the asymmetrical surface road 
by judging whether or not the absolute value of 

55 the difference has exceeded a predetermined 

threshold value. 

12. A vehicle control device as recited in Claim 11. 
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wherein the brake force difference calculating 
means calculates the difference based on hydraulic 
pressures generated in wheel cylinders for the right 
and left wheels and angular velocities of the right 
and left wheels. 5 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



13 



BNSDOCID: <EP 1 34861 0A2J_> 



EP 1 348 610 A2 




BNSDOCID: <EP 1 34861 0A2J_> 



14 



EP 1 34S 610 A2 




BNSDOCID: <EP 134861 0A2_I_> 



15 



EP 1 348 610 A2 




16 



BNSDOCID: <F P _ 1348610A2J_> 



EP 1 34S 610 A2 




17 



BNSDOCID: <EP. 



.1 34861 0A2_I_> 



EP1 348 610 A2 



FIG. 5 



230 



C START ) 



Input g; 


l, S1, S2 






S3=OR (SI, S2) 



10 



20 








Q4 a 1-G3' 






Output 


G3\ G4 



ao 



70 



18 



BNSDOCID: iEP 1348610A2J_> 



EP 1 348 610 A2 




BNSDOCID: <EP 1 34861 0A2_L> 



19 



EP1 348 610 A2 



1220 



FIG. 7 



c 



START 



Input a1 , a2, P1 , P2 



Calculate F1 , F2 
by Equation (13) 



A — F2 



Yes 



a = 1 



1550 



1510 



1520 



1530 




1540 



1560 



CT = 0 





m " ' 


Output <T 



1570 



20 



BNSDOCID: <EP 1 34861 0A2_L> 



EP 1 348 610 A2 




21 



BNSDOCID: <EP 1348610A2_I_> 



EP1 348 610 A2 




22 



BNSDOCID; <EP 1 34861 0A2J_> 



EP 1 348 610 A2 




* + 



< 
on 
g 

a: 
a. 



f 8 {<35 



LL. 



c 

CO 

CD 

& 
o 
o 

? 

is 

o> 
c 

< 

t • 



c 

CO 

o 

a> 
cn 
c 

< 

Q- 

co 

<D 

■g 
CO 
a> 
o 

i 



BNSDOCID: <EP 1 34861 0A2J_> 



23 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

02.02.2005 Bulletin 2005/05 

(43) Date of publication A2: 

01 .1 0.2003 Bulletin 2003/40 

(21) Application number: 03007053.6 

(22) Date of filing: 27.03.2003 



(H) EP1 348 610 A3 

EUROPEAN PATENT APPLICATION 

(51) mtci7: B62D 6/04, B62D 5/04 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

Designated Extension States: 
AL LT LV MK 

(30) Priority: 29.03.2002 JP 2002096620 
29.03.2002 JP 2002096621 

(71) Applicants: 

• TOYODA KOKI KABUSHIKI KAISHA 
Kariya-shi Aichi-ken (JP) 

• Advics Co., Ltd. 
Kariya-shi, Aichi-ken (JP) 

(72) Inventors: 

• Kato, Hlroaki 
Kariya-shi, Aichi-ken (JP) 



• Momiyama, Minekazu 
Kariya-shi, Aichi-ken (JP) 

• Yasui, Yoshiyuki 
Kariya-shi, Aichi-ken (JP) 

• Tanaka, Wataru 
Kariya-shi, Aichi-ken (JP) 

• Asano, Kenji 
Kariya-shi, Aichi-ken (JP) 

• Ono, Eiichi 

Nagakute, Nagakute-cho, Aichi, Aichi-ken (JP) 

• Muragishi, Yuji 

Nagakute, Nagakute-cho, Aichi, Aichi-ken (JP) 

(74) Representative: 

Leson, Thomas Johannes Alois, Dipl.-lng. 
Patentanwalte 

Tiedtke-BOhllng-Kinne & Partner, 
Bavariaring 4 
80336 Munchen (DE) 



CO 
< 

o 

CD 
00 

00 



(54) Vehicle control device with power steering device 



(57) A vehicle control device incorporating an elec- 
tric power steering is provided, wherein an extraordinary 
yaw motion acting on a vehicle is detected and is sup- 
pressed or moderated, so that the stability of the vehicle 
in a straight-ahead steering is improved. The causes of 
the extraordinary yaw motion are one of lateral wind, 
asymmetrical surface state of the road, lateral slant of 
the road and the like. A countermeasure against the ex- 
traordinary yaw motion is taken by applying a counter 
(opposite direction) yaw motion on the vehicle or switch- 
ing over the control mode from a proportional control to 
a proportional integral control. 
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